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npSIMble p e aKUHH c y q aCTHBM TSilKen btX 11 0HOB Mory T c nylKHTb BaJKHblM c pej]CTBOM 

H3 Y'IBHH SI MHOrO'taCTH'IHblX, ' Kna c TepHbiX ' a c neKT OB SlllBPHOA CTpyKTypbl . C npyroii CTOpOHbl , 

B HaCTO!Illl99 Bp BMSl T eopHst pacn onaraeT PSI.llOM npos e p eHHblX MBT OJ:'I OB KOllH 'IBCTBBHltorO 

OllHC8HH SI 'KnaCT9pHbiX • X 8p8 K T 9 p Hr.THK )}JJ. Op. J1 C ITOJlba OB(lHI!9 3TB X MeTO,!J.OB JlOJlJKHO IlOMO~ 

p aCCMOTpBHH!O KOHKp9THblX BOUpOCOD pe8KUHI\ C T stJKeJlbiMH HOHaMR. 

no- BH!lHMOMy, Oj]HH H3 HBH60nee llpOCTblX THn OB B38H M0j]9l!CTBHSI ocyru eC TBJlSIBTCH 

s p ea K!UH lX c y'<BCTReM aoaos Li -Li 6 
H Li 7• Cna6a11 cssab 'KnacTepos' a aTHX >mpax 

BbiilBll !IBT c pena scex B03MOlKHhiX Mexa aaaMos pea Kn:HII c ax y>ta CTH BM npo cToA Mexaa aaM 

CpbiBa, UOil06Hbt ll: M9X8HH3MY CpbiBa B peaKilHH ( d , p) 
x ) 

O n HHM aa pea y n b T a Tos aay'leHH SI p e aKu a li T a K oro THna stsnHeTcst a<jxpeKT • n eii-

TPOHHbtX noporoshtX coCTO!IHH ll', o6aap yJKeHHbi X s p e aKUH!IX Li 
6 

( Li 6 , a ) Be 
8 13

•
41 

H 

Be 9 (Li 6 , a ) B 11 /S/ P e>tb a n eT o TOM, 'IT O a o 6 o11x c ny>ta stX MaKCHMyM c n e KTpa 

s 036yJKneHHSl OC Ta TO'IHOI'O Sl.llpa npH XOilHT CSl Ha p a lloR B6JlH3H nopora ero j]BliTpOHHOrO 

paas a n a . ' .lleliTp OHHo e coCT OstHHe' Sl.llp a B , s oa6yJKn a e Moe s p e aKUHH A ( Li 
6

, a ) B 1 

3TO, o6pa3HO r o s o pst, COCTOS!HHe , I!Me !O!U99 CTpyKTypy (A + d) ; r osopst 6on ee OnP.eneneHHO, 

3 TO COCTOSIHHB C 6 0llbWOJl. npHBBilBHHOl!: tuHpiiHOI\ 0
2 

B KaHan e B -+ A+ d • 

KaKosa np11pona aTIIX c o CTORHH li ? 8 bip11COBbtsae T c st c nen y10mast .nnneMMa: 

a) JlH60 3 TO COCTO S!HH SI npOCTOll: Oj] llO'IBCTII'IHOll: ( B 'KnaCTepHOM' CMblCne) npHp Oj]bl 
1 

Korna n eliTpoa, cna6o n on S!pH 3 YR Sl.llpo- MH m e Hb " cna6o n onS!pH3y stcb c a M, JlBHlKeTcst no 

nosoJlbHO naneKo ll o p 6uT e a n OTeHn:HallbROM none Sl.llpa- Mameaa. KaK aasec Tno
161

, TaKH e 

COCTOSIHH S!, )leiiCTBHT eJlb HO MOry T B03HHK8 Tb B OKOnOnOpOl'OBOII 06Jl8CTB. 

6 ) Jl B60 OHH BMB!OT CJlOlKHylO MHOr0'18CT H'IHYlO n p upony H, 6yny'IH ll8)l9n9 HHblMH 

6 0llbtuOli nell:Tp OHHOll: n p useneHHOII WBpHHOll, He CBOil !ITC !I K reo MeTpH'19CKH ocjlOpMn9HHOl! 

MoneKyne 1< 3 n e ATpoaa a M pa MHtueHH. B 3 TOM c n yqae OHH, a a p SI.lly c 6 onbwoll neliTpoaaoll 

UpHs eneHHOII ruHpHHO II , M OryT, B n pHHUHU9 , o 6nan a Tb 60llb WHMB n pHBeABHHblMH tuHp HHaMH H 

B n p y rHx , K8K O.UHOHY K JTOHH blX, T8K H 'KnacT epHblX ... K8Hanax. T aKoe C01.f.9 T8HH9, K 8K B3 B eCT

Ho, a e aanpemaeTcst MHKpOCK OnH>tecKoll T e opaell accon:uaposaRH st ayKnoaos a Mpax . O nuaKo 

x ) Ha1<6onee y6enaTen bHbtM c s uneT enb CTBOM npe o 6 n anaaHR Mexa auaMa c p bls a a TaKHX 

pea KUHRX Rsn n eT c st nou o 6 11 e cneKT pos neiiTpoHos u TpHTOHOB s peaKUIIH A ( Li 6 , d ) B" 
A( Li 7, t)B cooTBeTCTsena o . T a KHe a aHHble n o ny>te Hbl s p a 6 0Tax11• 2 1 anSI MHwea ell Lie l1 B 

1
•
0 

3 



B 9TOM BTOpOM cny~ae B03HHK86T 38Jl8~8 06~gCH6HHg 3HepreTH~6CKOrO nono~eHHg TSKHX 

COCTOSIHHii. 

B nauuoll pa6oTe Mbi paCCMOTpe1111 s paMKSX o6ono~e~uoll Monenu npoMe~yTo~uoll 

6 8 9 11 
csg3H cneKTpbi nei!TpOHHbiX npuseneHHbiX wupuu B xauanax Li + d-+ Be H Be + d-+ B 

171 
Heo6XOJlHMbie JlnH pac~eTa sonuoBhie (jlyHKUHH s3HTbi H3 , reueanoru~eCKHe xoaqxpuuHeHTbi 1 

/8/ . 
- H3 • Pe3y1lbT8Tbl paC~eTOB UOK838Hbl HS pHC, 1 H 2, J 

rnaBHbiil MSKCHMYM CU6KTpOB npHXOJlHTCH, B COOTBeTCTBHH C 3KCU6pHMeHTOM, HS psi!OH, ~ 
6nH3KHil K nopory JlBilTpouuoro p a3sana HJlep Be 8 

H B 11• 3ToT MSKCHMYM HMeeT xspsK-

Tep 'rHrSHTCKoro pe30HSHC8', T,e. (jlopMJ!PY6TCH H3 601lbWOrO ~Hens OTJleJlbHbiX nepeXOJlOB, 

B psccMoTpeHHbiX cny~sux rpynnuposauue HHTBHCHBHbiX nepeXOJlOB s OTHOCHTeJlbuo y3xoM 

HHTepssne sneprHH soa6y~euug o6ycnosneuo cynepMynbTHnneTuoll CTpyKTypoll yposuel!. 

B pesKUHH Li 6 ( Li 6, a) Be8 
'rursHTCKHil pe3ousuc ' JleliTpOHHbiX npuseJleHHbiX wupun 

COOTBeTCTByeT B036y~Jl6HHJO cynepMynbTHUneTOB CO CX6MSM H JOHrS [>J = ( 431 1 H (X!=(422J, 

KOTOpbiM CBOliCTB6HHS cna6sg CBH3b USpbl H)'KnOHOB C HyKnOHSMH S!Jlp8 MHWeHH, 0JlH0BpeM6HHO 

o6~HCHgeTCSI H8nH'lH6 JlOBOJlbHO CHnbHOli B6TBH, OTB6'l8JOIIIeli OCHOBHOMY H nepBOMy H036y-

>KJl eHHOMY COCTOHHRIIM HllP8 Be
8 

([,\]e[44Jl • 3TH COCTOgHHH, KSK H3BeCTHO, HMeiOT Hp-

KYJO a -~sCTH~HYJO CTPYKTYPY. 

9 6 11 
B peaKUHH Be ( Li , a) B cneKTP Jlei!TpouHbiX npHseJleHHbiX IIIHpHH, KSK H ua6mo-

Jl86Mbiil H8 OUbiTe cnexTp a -~SCTHU/S/, "p83M838H' CHJlbHee , ~eM B Up6JlbiJlYIIIeM cnyqae, 

11 
KpoMe OCHOBHbiX nepeXOJlOB, OTBe~SJOIIIHX soa6y>KJleHHbiM cocTO!IHHeM B B palioue 

12-14 Mss, HMeeTCH TIJ.K~e uenblli pgll nepeXOJlOB us yposuu, ne>Ksmue HH>Ke 12 Mss. 3To 

CBH3SHO c nocTeneHHbiM ps3pyc.~euHeM cynepMy1lhTHnneTuoli CTPYKTYPbi yposuell nerKHX 

S!Jlep no Mepe poeTS MSCCOBOro ~Hens. Mbl He MO~eM, OJlHSKO, UOKS 06Cy~JlSTb TOHKYJO 

CTpyxTypy suepreTH~ecKHX cnexTpos a -~sCTHU, noCKOJlbKY B JlSHHoll ps60Te Mbi psCCMOT-

6 
penH TOnbKO CTpyKTypHbiil (jlaKTOp B peSKUHAA ( Li , a ) 

1 
nonHOCTbJO OTBneKSgCb OT KIIH6M8-

THKH. 

i1TSK, Cp8BH6HH6 TeOpHH C 9KCnepHM6HTOM UOK83biB86T, ~TO B 060HX p8CCMOTp6HHbiX cny-

~BAA HSnH~He COCTQgHHil 'Jl61lTpOHHOll npHpOJlbi', HM6JOIIIHX 601lb11IYJO Jl6liTpOHHyJO npHB6Jl6HHYJO 

WHpHHY H ne~SIIIHX s6nH3H nopora Jl6liTpOHHOrO p83B8n8, 8BTOM8TH'l6CKB cneJlyeT H3 cyme

CTBYJOIIIefi MHKpOCKOUB~eCKOll (o6ono~e~Holl) TeOpHH nerKHX HJlep. He HCHO, ne~ST nH H B 

Jlpyrux S!Jlpax JleliTpOHHbie cocToguug s6nH3H nopora Jl6llTpouuoro ps3sana. 

Heo6XOJlHMbi 9KCnepHMeHTbi ua SlllPSX uecKOnbKO 6onee T~enhiX, s ~SCTHOCTH, us 

11 12 14 15 16 
HJlpsx sTop all nonosuHbi 1 p -o6ono~KH B , C , N , N , 0 • 3JleCb JlS~e 

npH M SnhiX s u eprHAA HOHOB Li 
6 

JlOn>KHbi HHTeHCHBHO soa6y~Jl8TbCg JleliTpOHHbie 

COCTO!IHH H, UOCTp06!1Hbl6 H8 0JlHO'l8CTH'IHbiX COCToguu gX cneJlyJO!llel! ( 2 S, 1 d ) - o6ono'ti:KH. 

Bnonue B03MO>KHO, 'ITO nono~eHHe 9THX COCToguuli 6yJleT cns6o CKoppenupoBBHO c nono>Ke

HHeM Jlel!Tpouuoro nopora. 
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rJ .l· .2-

Puc . :l . CneKTp n e ihpoHI-t biX np ueeneHHbi X wupuu (2} + 1) 8~ a peaKIUIH Be 
9

(Li 6, a) all 
f d - op611TlWbH blfi MOMenT nepe.a8 B89MOI'O .o.eATpOHB. flopor .neATpOHHOf'O paaaana 

B 11...,. Be 9 + d cooT oeTCTayeT 15 ,8 M::.ta . 


